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Assistant Professor in Geography, Kalyani Mahavidyalaya, West Bengal 


Tsunami is a series of water waves caused by the displacement of a large volume of a body of 


yater, typically an ocean or a large lake. Earthquakes, volcanic eruptions, underwater explosions 
including detonations of underwater nuclear devices), landslides, glacier calvings, bolides, 
netcorite impacts and other disturbances above or below water all have the potential to generate a 
sunami. . The word tsunami is derived from the Japanese composition - 'tsu' means ‘harbour’ and 
narac’ means ‘wave’. 

Although the impact of tsunamis is limited to coastal areas, their destructive power can be 
enormous and they can affect entire ocean basins; the 2004 Indian Ocean tsunami was among the 
deadliest natural disasters in human history with over 230,000 people killed in 14 countries 
bordering the Indian Ocean. 

The Greek historian Thurcydides suggested in his late 5th century BC, History of the 
Peloponnesian War, that tsunamis were related to submarine earthquakes, but the understanding 
of a tsunami's nature remained slim until the 20th century and much remains unknown. Major 
arcas of current research include trying to determine why some large earthquakes do not generate 
tsi namis while other smaller ones do, trying to accurately forecast the passage of tsunamis across 
th: oceans and also to forecast how tsunami waves would interact with specific shorelines. 


G: neration Mechanisms | | 
Tsunami can be generated when the sea floor abruptly deforms and vertically displaces the 


o\ rlying water. Tectonic earthquakes are a particular kind of earthquake that are associated with 
th Earth's crustal deformation, when these earthquakes occur beneath the sea, the water above 

= -. dicplaced from its equilibrium position. A tsunami can be generated when 
th. deformed area Is displace ' 

“ated with convergent or destructive plate boundaries move abruptly. 

th si faults ae all amplitude (wave height) offshore, and a very long wavelength (often 
a peer ° ati : on ; whereas normal ocean waves have a wavelength of only 30 or 40 
hw dreds die ~ senerally pass unnoticed at sea, forming only a slight swell usually 
mi. tres), which - “ ny le the normal sea surface. They grow in height when they reach 
ah yt 300 millimetres 4 » shoaling process. The 2004 Indian Ocean earthquake (Mw 9.2) 
in a wr Tahoku earthquake (Mw 9.0) are recent examples of powerful 
d + , enerated tsunamis (known as teletsunamis) that can cross entire 
kes that £ 
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Table 1. Historical Rec Area Affected 
Date / Year [ Cause___ Gulf of Kachchh & Indus delta w 


here 
ke on the 

Neus 228-8 pe aml _ Alexander’s fleet was affected. 
Arabian 


: uake & tsunami affected in the ». ‘Stern 
Between : — & | Earthquake in the Iranian coast are aaa ___ 
9 May, eee, abhol port in Ratnagiri district o; 
1524 AD ae — = satel was affected. _ 
— pe om near Arakan | Rivers & marshes violently agitate ising 
coast in Burma (now much above normal in Dhaka distr; in 
Bengal, killed 500 people. ; 
Allah Bundh (God’s Ridge) was uy ted on 
north of Banni in the Great Rann, | 9 









2 April, 1762 











7.5—8.1 Richter scale earth- 
quake 40 km NNW in Kachchh 


16 June, 1819 





of Gujarat people killed. 
31 Oct, 1847 High-magnitude sea quake in Great Nicobar Island 
the Bay of Bengal | 
31 Dec, 1881 | 7.9 Richter scale earth quake at | Coromandel coast of & Andaman & 
Car Nicobar Island Nicobar.| metre wave observed in © nai. 
26-27Aug, 1883 Coromandel coast was affected, 2 
in the Java Sea wave observed in Chennai. | 
1884 Earthquake in the western part | Tsunami at Port Blair, Duble (mouth. ° 
of the Bay of Bengal. Hooghly river). 









26 June, 194] 8.1 Richter scale earthquake in 


the Andaman Sea, Anda man 
(12.4°N, 63°E, 92.5°E 
8.25 Richter scale Makran 
coast earthquake 99 km SE of 
Gwadar harbour in 
Baluchistan, 24.5°N. 63°E. 
Strong earthquake in N. 
Andaman Island 

Very strong earthquake in 
Sumatra island, Indian Ocean 
& plate movement 


Nias earthquake. Sumatra; 7.5 
Richter scale 


East coast e.g. Coromandel coast was 
affected (amplitude 0.75-1.25 m) & 590 
people died; detected in Sri Lanka also. 
West coast, down to Karwar on South 
affected. Some 4000 persons died. 11-11.5 
metre high wave struck Kachchh, 2 metres at 
Mumbai coast. 
It was probably a local tsunami in N. 
Andaman island, 2 peo le killed. 
230,000 people killed in 14 countries 
bordering: the Indian Ocean. 






























27 Nov, 1945 





Sept, 2002 











26 Dec, 2004 











28 Mar, 2005 










. Tamilnadu, 
a local tsunami. 
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Southern states of India, e.g 
Andhra Pradesh. It was 
Andaman island a 
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Java earthquake, Sumatra, 4.6- 
6.1 Richter seale 


Sendai earthquake, Japan; 9.0 
Richter seale. 


Indian Ocean earthquake, 8.9 


Richter scale. 
[Compiled from various sources] 
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It Was a local tsunami. Alert was given In 
Indian Coastal regions. 


Quake Was felt in the e 
tsunam} affected Great 








astern coastal region, 
Nicobar Is. 







298 


ee ae Of Education and Development 







; No. 5. June, 2013 ISSN 2248-9703 

yaallet (Mw 4.2) earthquakes in Japan can trigger tsunamis (called local and regional 
wis) that can only devastate nearby coasts, but can do so in only a few minutes. | 

erate landslides that generate tsunamis are called sciorrucks. Scientists named these waves 


ggatsunami. Scientists discovered that extremely large landslides from volcanic island collapses 
an generate megatsunamis that can cross oceans. 


Some meteorological conditions, such as deep depressions that cause tropical cyclones, can 
generate a storm surge, called a meteotsunami, which can raise tides several metres above nonnal 


yvels. As these storm surges reach shore, they may resemble tsunamis, inundating vast areas of 
land. 


Characteristics 


When the wave enters shallow water, it slows down and its amplitude (height) increases. The 
wave further slows and amplifies as it hits land. Only the largest waves crest. Tsunamis cause 
damage by two mechanisms: the smashing force of a wall of water travelling at high speed, and 
the destructive power of a large volume of water draining off the land and carrying a large 
amount of debris with it, even with waves that do not look large. While everyday wind waves 
have a wavelength (from crest to crest) of about 100 metres and a height of roughly 2 metres , a 
(sunami in the deep ocean has a wavelength of about 200 kilometres. Such a wave travels at well 
over 800 kilometres per hour (500 mph), but owing to the enormous wavelength the wave 
oscillation at any given point takes 20 or 30 minutes to complete a cycle and has an amplitude of 
only about | metre. This makes tsunamis difficult to detect over deep water, where ships are 
ui able to feel their passage. 

As the tsunami approaches the coast and the waters become shallow, wave shoaling 
compresses the wave and its speed decreases below SO kilometres per hour (SO mph). Its 
w velength diminishes to less than 20 kilometres and its amplitude grows enormously. Since the 
W ve still has the same very long period, the tsunami may take minutes to reach full height. 
E> cept for the very largest tsunamis, the approaching wave does not break, but rather appears like 
a ist-emoving tidal bore. Open bays and coastlines adjacent to very deep water may shape the 
—T rccalvng into a step-like wave with a steep-breaking front. About 80% of tsunamis occur in 
ers Ocean, but they are possible wherever there are large bodies of water, including lakes. 
th Pacific Ocean, tive and negative peak, 1c. a ridge and a trough. In the case of a 
Ai waves have . aameeniene! -ither may be the first to arrive. If the first part to arrive at shore 
Pr pagating wave like 8 oan aaa or sudden flooding will be the first effect noticed on land. 
ive is a trough, a drawback will occur as the shoreline recedes 
lly submerged areas. Drawback can exceed hundreds of metres, and 
* sometimes remain near the shore to satisfy their curiosity or to 
‘ceabed, One of the more interesting outcomes of the tsunami 

tia in Decembe, 2004. For generations, local people had told 

. oar Mahabalipuram. une la ny as Seven Pagodas along the east coast of India, although 

Occurred near ME rt city known 4 d. The sand along the coast was thought to cover up 
ce could be toune. 
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Vol — 3, No.—> June 207 after the tsunami hit, many treasures of the pune cily Were bccn ¢ 
much of the ancient city, but “00 ears. Local people discovered remnants of large temples an 4 
visible for the first time 1 at rae and flying horses im the days following the disaster The 
huge statues such as — ” led dramatically before the tsunamt, revealing to many fishermen 
water level along the coast a the ocean, The new discovery has brought ’ number 
that “ city perpen area to observe and study the ancient city, helping the local 
archacologists and tourists | 

economy and rebuilding cflort. damaging tsunam| is about 12 minutes. This Mm: 1s that if the 

A typical wave period for a damag ane to arrive, the sea will recede, with ay; wel] belo 

drawback phase is the first part of the wave to i W 


sca level exposed after 3 minutes. During the next 6 minutes the tsunamt wave tr 1h builds Into 
sCa IC VC C < 


a ridge, and during this time the sea is filled in and destruction occul's . we ng the next ¢ 
9 « — . . P m — y at . 
minutes, the tsunami wave changes from a ridge to a trough, causing Hood w io drain and 

9 


drawback to occur again. This may swecp victims and debris some distance 1m land. The 
process repeats as the next wave arrives. 


Warnings and Predictions . | 

People who observe waves (many survivors report an accompanying suc’. sound), can 
survive only if they immediately run for high ground or seck the upper floors of 1 by buildings, 
In the 2004 Indian Ocean tsunami was not reported on the African coast or any er east-facing 
coasts that it reached. This was because the wave moved downwards on the ea __n side of the 
fault line and upwards on the western side. The western pulse hit coastal Africa < ther western 
areas. 

A tsunami cannot be precisely predicted, even if the magnitude and location « a earthquake 
is known. Geologists, occanographers, and scismologists analyse each earthquak and based on 
many factors may, or may not issue a tsunami warning. The 2004 Indian Ocean e: quake came 
within just three days after a magnitude 8.1 earthquake in a completely uninhabite.. region, lying 
west of New Zealand’s sub-Antarctic Auckland Island and north of Australia’s Macquarie Island. 
On December 23, 2004 the island was trembled by an earthquake measuring 8.1 on the Richter 
scale, being one of the largest ever recorded in the region. There was little damage. It 1s 
sometimes considered as a part of the prelude of earthquakes prior to the Indian Ocean 
he spa distibuton ot epicentre of he conte sucee splayed by the alae 
process. The clustering of tremors ee are c ii rm also a result of a comple: . t the 
short time limit of the general hierarchical cteetiens —* ee a — | i ue 
operational way of distinguishing henand 5 mai eon — akes, In reality there ts 5° SS & 

ain shock and its aftershocks. In the An 1a" 


Nicobar Islands more t] 
one third of which wernt a tar pen were felt during the four weeks after the ma shock 
) re than 5 maenitude 
ag ¢ on the Richter scale 


S00 


_ aoe nl 
ee Journal oO education and Deve fopm 


| Source : USGS PDE Earthquake Catalogue 





3,No.— 5, June, 2013 ISSN 2248-9703 
nz ‘ 

i 2. Record of the Number of Prey 
pu 


lous Earthquake Eye 
subduction) Zone of the 2004 Indj 


an Ocean Tsunami 

















ar of Occurrence | Magnitude 5.5 and Magnitude 5.0 and Magnitude 4.5 and 

Y Larger Events Larger Events Larger Events 
1995 ee 
1996 2 ae 3 
1997 2 a 3 
1998 a 
1999 A SO SA (NY Ree“ eee 
2000 er ey 


2001 i a” a 
ee a a ee 
——— 


However, there are some warning signs of an Impending tsun 
provide warnings immediately after an earthquake in time t 


Pressure sensors, attached to by 
pressure of the overlying water column. 


Regions with a high tsunami risk typically use tsunami warming systems to warn the 
opulation before the wave reaches land. On the w 


est coast of the United States, which is prone 
‘9 Pacific Ocean tsunami. warning signs indicate evacuation routes. In Japan, the community is 
vell-educated about earthquakes and tsunamis, and along the Japanese shorelines the tsunami 


varning signs are reminders of the natural hazards together with a network of warning Sirens, 
ypically at the top of the cliff of surroundings hills. 


The Pacific Tsunami Warning System is based In Honolulu, Hawaii. It monitors Pacific 
Jeean seismic activity. A sufficiently large earthquake magnitude and other information trigger a 
sunaml warning. While the subduction zones around the mically active, not all 
“arthquakes generate tsunami. As a direct result of the Indj 


ami, a re-appraisal of the 

i threat for all coastal areas is being undertaken by national governments and the United 

aaiees Ni coien Mitigation Committee. A tsunami warming system is being installed in the 
Sauuons Disas 5 


indian Ocean. dels can predict tsunami arrival, usually within minutes of the arrival time. 

Computer ae . mors relay information in real time. Based on these pressure readings and 
Bottom pensenr™ sermation and the seafloor's shape (bathymetry) and coastal topography, the 
other seismic myrieg nplitude and surge height of the approaching tsunami. AJ] Pacific Rim 
models estimate ae ‘a ‘* Tsunami Warning System and most regularly practice €vacuation and 
i ~~ such preparation js mandatory for government. local 
other neni and the population. Along the United States west co 
y scrvite © 
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wamings are sent on television & radio \ 
ee : ies have an ability to 

oe ae zoologists hypothesize that some animal species have an y to sense 





' idence 1s controversial 4: 
provide advance warning of earthquakes, et nee apenas in Gre Lala fe 
widely accepted. The phenomenon was also pie egihie! ls (e.g., elephants) may have | 
Indian Ocean earthquake. It is possible that certain animals 8 igs ily 
sounds of the tsunami as it approached the coast. The elephants’ reac a 
" Scientific Enowtedig including the intuitive knowledge trapped in the local toll 
hazard awareness provide the best protection for life. The first reliable reports on the 
Andamanese tribes indicate that most of them have somehow survived the tsunami at! 
awareness about the ocean, the earth and the movement of wild animals has been a: 
over thousands of years of inhabiting the islands. Oral history teaching from ve 
generation and their hunter-gatherer lifestyle might have prepared them to move dee: 
high forests after they felt the very first tremors of the earthquake. 
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